This study aimed to describe patient-related characteristics of those attending the diabetes telehealth service delivered from a tertiary hospital and compare these with the characteristics of patients attending face-to-face visits at the same hospital's diabetes outpatient service. This analysis could inform diabetes telehealth service improvements. To our knowledge, there has been no prior evaluation of a diabetes telehealth service in Australia. A cross-sectional survey was conducted as part of the Australian National Diabetes Audit in May 2016 for all patients attending the diabetes telehealth service and diabetes outpatient service. The diabetes telehealth service was serving a greater proportion of females, indigenous people and patients with a longer mean duration of type 2 diabetes mellitus. Type 2 diabetes mellitus patients in the diabetes telehealth service group had a higher average glycated haemoglobin of 9.1% (76 mmol/mol) vs 8.1% (65 mmol/mol) in the diabetes outpatient service group. The diabetes telehealth service had more people with initial visits; had higher self-reported smoking rates in type 2 diabetes mellitus patients; and had adequate access to allied health supports as recommended for diabetes management. Diabetes telehealth service patients had more complex diabetes as evidenced by a higher proportion of indigenous clients, higher glycated haemoglobin and longer mean duration of diabetes.
Introduction
The incidence and prevalence of diabetes, especially type 2 diabetes mellitus (T2DM), are increasing dramatically. 1 In addition to managing the universal challenges of this increase, it is important to reduce the impact of diabetes among priority groups -culturally and linguistic diverse populations, older individuals and residents of rural and remote areas. 2 In Australian regional and remote areas, there is a higher proportion of people with chronic conditions such as diabetes, heart, stroke and vascular diseases. 3 Diabetes-related hospitalisation rates increase with remoteness and socioeconomic disadvantage. 4 People living in these regions have worse health outcomes -the reasons for which are multifactorial, with access to medical care being one of the reasons. People with diabetes who reside in these areas have difficulty in accessing specialist diabetes services, 2 and this could be related to financial, geographical and socioeconomic disparities. 5 Telehealth can improve access to specialists, reduce the need for travel and has the potential to address the aforementioned disparities. Endocrinologists believe that a proportion of consultations for diabetes management in the outpatient setting can be conducted via videoconferencing 6 and with minimal requirement for recall of patients for an in-person visit afterwards. 7 Endocrinologists' management recommendations based on a video consultation with a person with diabetes are clinically acceptable, compared with an in-person consultation. Patients expressed high satisfaction with video-conferencing in telehealth outreach clinics. 8 Thus, telehealth can enable provision of specialist diabetes services especially for priority groups -regional, remote and indigenous communities. Despite the evidence that exists for telehealth services in general and more recently for diabetes-related outcomes, [9] [10] [11] the uptake of telehealth in Australia is evolving slowly. 12, 13 The reasons for this low uptake may include clinician and patient perceptions on telehealth, clinician resistance to change, and lack of adequate funding models. 14 The Department of Diabetes and Endocrinology at the Princess Alexandra Hospital (PAH), Brisbane, was one of the early adopters of a diabetes telehealth service (DTS) in 2011. In liaison with the PAH Telehealth Centre, video consultations were commenced for people with diabetes in underserviced areas in Queensland to improve equity of care.
To our knowledge, there is limited published evidence reporting the characteristics of patients attending DTSs in Australia. The aim of this paper was to describe patientrelated characteristics of those attending the DTS at a tertiary specialist centre and compare these with the characteristics of people attending face-to-face visits at the same centre's diabetes outpatient service (DOS). This could be useful to inform DTS service improvements regarding patient education and clinical care.
Methods

Study design
A cross-sectional survey was undertaken as part of the Australian National Diabetes Audit-Australian Quality Self-Management Audit (ANDA-AQSMA) in May 2016. The ANDA-AQSMA is conducted by the National Association of Diabetes Centres (NADC). It is a biennial event conducted in the month of May or June, focussing on patient education and self-management, and is aimed at quality improvement of specialist diabetes centres through a benchmarking process across Australia. 15 The ANDA-AQSMA report was finalised in January 2017 and we completed the analysis of the DTS in June 2017 after obtaining site-specific data for the PAH DOS and DTS. Ethics approval was not sought because deidentified data from the ANDA-AQSMA were obtained from the NADC.
Setting and data collection
All consecutive patients attending the DTS and DOS at PAH during the calendar month of May 2016 were invited to participate in the audit. Clinicians collected information as per the questionnaire developed by the NADC which included patient demographics, diabetes type and management methods, markers of glycaemic management, appointments with health professionals in the last 12 months, self-care practices, medications taken and measures of depression and quality of life (QOL). 'Sufficient' physical activity was defined as more than or equal to 150 min of recommended activities per week. Depression was assessed by the Brief Case Find for Depression, 16 and QOL was self-assessed by a visual analog scale (0-100), with 100 being the best imaginable health state. 17 To assess diabetes-specific distress, the Diabetes Distress Scale two-item questionnaire (DDS2) 18, 19 was employed as a screening questionnaire. If the score on DDS2 was equal or greater than three, the participants were then asked to complete the Diabetes Distress Scale 17-item questionnaire (DDS17). 19 The PAH DTS caters to many regional sites across Queensland including three Aboriginal Medical Services, and is based at the purpose-built centralised PAH Telehealth Centre. 20 The service links an endocrinologist and diabetes nurse educator (DNE) into regional and remote areas via video consultation which is supported at the patient end by a clinician (doctor or nurse). A week prior to the video consultation, the DNE at the PAH contacts the patients to ensure availability of relevant information for the upcoming appointment. This process reinforces attendance at the appointment. Asynchronous care (web-based and/or email) for insulin titration is sometimes required between video consultations. The DTS pursues a hybrid model wherein the endocrinologist conducts an in-person outreach clinic every three months for complex patients. Currently, the DTS is operated by four endocrinologists. Typical monthly occasions of service and geographical distribution of the DTS are as depicted in Figure 1 , the majority of which are diabetes patients. The DTS doubled its capacity to four half-day sessions per week in May 2015 ( Figure 2 ).
Statistical analysis
Percentages, means and standard deviations were used for descriptive analysis of data. The p value was calculated using the independent sample t test for means and chi square or Fisher's exact test was used as appropriate for proportions. A p value was considered significant at less than 0.05. The results are presented as tables. Data analysis was conducted using SPSS Ver. 24 (IBM Corp. New York, USA).
Results
The distribution of diabetes type was similar in the DTS versus DOS groups (Table 1 ). Females formed the majority in the DTS group for both types of diabetes contrary to the DOS group. Initial visits were higher in the DTS group. There was a higher proportion of indigenous people in the DTS group with the majority of them having T2DM (Table 1) .
In relation to access to allied health services, a greater proportion of the DTS group had seen the DNE, dietitian, podiatrist and optometrist within the last 12 months compared with the DOS group (Table 2) .
There were no statistically significant differences between groups in adherence to medications; blood glucose monitoring as recommended; difficulties in following a prescribed diet; and mental health issues (Table 3) .
Overall, the glycated haemoglobin (HbA1c) level was lower in the DOS group and this was predominantly in those with T2DM ( Table 4 ). The proportion of current smokers was higher in the DTS group. QOL and mean DDS2 scores were not statistically different in the DTS versus the DOS group (Table 4 ).
Discussion
This study aimed to examine the characteristics of diabetes patients attending a DTS at a tertiary service, in comparison to the same centre's DOS. The DTS served a greater proportion of females, indigenous people, current smokers and T2DM patients with a higher HbA1c. The DTS saw a greater proportion of initial visits. The DTS patients reported greater access to allied health supports.
Males have a higher incidence and prevalence of diabetes and obesity across most age groups even when analysed for remoteness and socioeconomic groups. 21 However, in 2007-2008, it was observed that females above 15 years of age living outside major cities were 19% more likely to be obese or overweight than those in urban areas as compared to 8% for males. 22 There was a higher proportion of smokers in the DTS group. This is consistent with recent data demonstrating higher smoking rates in regional Primary Health Network (PHN) areas than in metropolitan PHN areas. 23 It also reflects the higher proportion of indigenous patients as it is recognised that indigenous people have higher smoking rates than non-indigenous people in Australia. 24 In comparison to the DOS, the DTS appears to be serving potentially more complex patients. There was a similar ratio of type 1 diabetes mellitus (T1DM) to T2DM patients across the two groups but with longer duration of T2DM, higher HbA1c and greater proportion of indigenous patients seen by the DTS. Due to socioeconomic barriers in the indigenous group, optimising glycaemic management may be even more challenging. Low rates of indigenous patients attending the tertiary hospital outpatients has been recognised. This may be exacerbated in this audit as PAH also provides an outreach face-to-face community clinic to a large indigenous health service in Western suburbs of Brisbane, whose data is not captured in the audit and which reduces the need for referral to PAH. QOL score was similar in both groups. Mean DDS2 scores were >2 in both groups suggesting moderate distress but there were no significant differences between groups. Although DDS2 is a screening measure, it has been reported to be comparable to DDS17 in sensitivity and specificity and thus can be used as a composite in clinical practice. 25 The proportions of patients with DDS2 scores 52, indicating moderate (52 and <3) and high distress (53) were also similar in both groups.
The HbA1c value was higher in the DTS group. One cannot draw any conclusions as to whether the differences in provision of care result in different glycaemic management outcomes. Previous studies have revealed improvement in glycaemic outcomes with a DTS. This higher HbA1c is likely explained by different population characteristics, more initial visits and possibly by more disease complexity in the DTS. Another contributing factor is the possibility of rural general practitioners (GPs) taking on greater responsibility for diabetes care before referral to a specialist, given limited capacity of the DTS. The longer mean duration of T2DM in DTS is probably related to earlier onset of diabetes in the indigenous population. Although formal research has not been undertaken, the anecdotal feedback regarding the DTS from the various stakeholders -patients and health care providers, has been positive. 8 The DTS was seeing a greater proportion of new patients than reviews compared with the DOS at the tertiary hospital. This may simply be a reflection that the DTS is a relatively new service with ongoing expansion to previously unserved communities. However, it could also reflect that the DTS is placing greater emphasis on generating management plans for the GP, in liaison with the specialist, to enact. In some telehealth consultations, the rural GP is incorporated in the video conference discussion, which facilitates up-skilling of the GP and gives the specialist greater confidence in the GP being able to execute the management plan in combination with the local allied health resources. It was reassuring to see that the attendances with the diabetes educator and most allied health professionals were higher in the DTS group. This probably reflects that in DTS centres without previous regular access to endocrinologists, DNEs and allied health professionals were sharing a greater workload of the diabetes care. Box 1 highlights the key recommendations to improve the DTS. Further evaluations of different DTSs catering to regional and remote areas are necessary to assess the generalisability of these findings.
Limitations
Limitations of the study include the small number of patients identified over a period of one month, lack of longitudinal follow-up and difficulty in generalising the findings due to the heterogeneity in the population served. As the audit in 2016 was part of the ANDA-AQSMA, some relevant clinical parameters related to diabetes were not included. This excluded data for the DTS will be included in the ANDA-Australian Quality Clinical Audit 2017 26 enabling future audits to benchmark against The higher proportion of females in the DTS group needs review exploring the different population groups served by the DTS and attendance rates by gender. Higher proportion of reported smoking rates in the DTS group would require a greater emphasis to be placed on smoking cessation in diabetes management care plans in future. People with diabetes in the DTS group had more complex diabetes and thus will require more resource allocation -further expansion of the existing DTS and/or setting up of new DTSs. Given the high attendances of diabetes patients with the DNE, enhancing the skills of the local DNE would likely facilitate even better diabetes care in regional and remote areas.
diabetes indicators in priority groups as suggested in the Australian National Diabetes Strategy. 2
Conclusion
We have presented patient characteristics from a diabetes telehealth experience at a tertiary diabetes centre via a cross-sectional survey. People with diabetes in the DTS group had more complex diabetes as evidenced by a higher proportion of indigenous clients, higher HbA1c and longer mean duration of diabetes. Considering this, opportunities to establish telehealth services in partnerships with primary care centres in regional and remote areas, especially Aboriginal Medical Services, should be actively pursued. The DTS is providing a valuable service to patients from regional and remote areas within Queensland, who otherwise would be going without specialist review or needing to travel long distances to receive this care leading to costs associated with travel and time away from work. Further studies are required to determine whether the mode of delivery of care is achieving similar clinical outcomes to that provided in the tertiary hospital face-to-face clinics. In this new era of digital health, as alternative models of service delivery are increasingly provided for Australian regional and remote diabetes, it will be important for benchmarking purposes to capture the management of these patients according to modes of care delivery in future National audits.
